Objective: To determine which environmental factors are associated with performance when controlling for capacity, using the International Classification of Functioning, Disability and Health (ICF). Methods: A psychometric study using a sample of 296 persons with musculoskeletal health conditions as a case in point. The following steps were carried out: (i) Rasch analyses created 2 interval measurement scales, capacity and performance, based on 22 Activities and Participation ICF categories that had been rated as capacity and performance. Capacity and performance scores, ranging from 0 (low level) to 100 (high level) were calculated; (ii) group lasso regression was used to identify the environmental factors associated with a person's performance when controlling for capacity. Gender, age and health condition were forced to remain in the model. Results: A capacity scale based on 16 ICF categories (rated as capacity) and a performance scale based on 18 categories (rated as performance) were created. Thirteen environmental factors ICF categories covering the physical, social, attitudinal and political environment were identified as highly associated with patient's performance. Conclusion: Using an exclusively statistical approach this study identified environmental factors associated with a person's performance.
INTRODUCTION
Unlike its 1948 definition of health, the understanding of health proposed by the World Health Organization (WHO) in the publication Summary Measures of Population Health is purely a biological concept, in which health is an intrinsic state of the human body describable in terms of bodily functions that can be optimal or less than optimal, and which are changeable over time (1) . This understanding of health is captured by the International Classification of Functioning, Disability and Health (ICF)'s theoretical construct of capacity (2) , understood as the actual and measureable level of functioning of different parts of the human body (3) .
It is also intuitive to think of our health in terms of what our level of capacity in different functioning domains allows us to do in life, in interaction with our environment. Our health matters to us because it plays out in our lives in terms of what we do, e.g. walking, reading, planning our days, taking care of our family, getting an education or a job, participating in our community (4) (5) (6) . This is an instrumental view of health: the various ways in which our intrinsic state of biological health interacts with our world to produce a state of what might be called "lived health". This state is also captured in the ICF by the construct of performance. Performance is the outcome of the interaction between the intrinsic capacity of the person with both the environmental and personal factors.
In line with the ICF's understanding of a person's performance, clinical interventions, especially in rehabilitation (7) (8) (9) , do not only target the body and its capacity to function but also our performance in everyday life. There are a large number of interventions that target a person's environment with the ultimate goal of influencing performance. For instance, for rheumatoid arthritis pain and disease at the same time, rehabilitation involves the provision of, and fitting and training in the use of, assistive devices and other functional equipment that can improve work performance (10) . Interventions targeting the environment to influence performance are also possible at the level of policy. Laws that mandate the provision of street ramp kerbs or the construction of accessible buildings can have a profound impact on the level of performance of persons with spinal cord injury engaged in their activities of daily living (11) .
The need to identify the environmental factors that can effectively improve performance is recognized by clinicians and policy-makers. Different studies have sought to identify, for specific health conditions such as spinal cord injury and rheumatoid arthritis, the environmental determinants that make a difference in improving performance levels (12) (13) (14) . These investigations, however, have not used comprehensive models in which all of the relevant components (including the health condition, capacity levels and personal factors) that influence the final outcome of performance are taken into account. For example, the studies that produced evidence that social deprivation is associated with low rheumatoid arthritis performance outcomes focused only on that factor and did not take into consideration a more "holistic" approach to the care of the rheumatoid patient (14) .
The ICF is a classification system that not only provides the concepts and constructs that make possible the conceptualization of the experiences of health as capacity and performance, but also sets out classification categories that operationalize these experiences.
The ICF differentiates 384 activities and participation categories that can be used to describe both the level of capacity and the performance of a person. This is done by means of the so-called ICF qualifiers. For example, the level of a problem in carrying out self-care activities in terms of the intrinsic capacity of the body can be evaluated on a scale from 0 (no problem) to 4 (complete problem). The same 0-4 scale can be used to describe the level of problems in self-care, resulting from the interaction of that intrinsic capacity of the body and the environment and the person, the person's performance of self-care. While capacity answers the question "Because of your health condition, do you have problems with self-care?", performance answers the question "Keeping in mind all things that make your health problems easier or worse, is self-care a problem for you?". For the latter question, an individual may answer "no" because of adaptations of his environment.
Based on these considerations, the ICF may be a useful conceptual and operationalizable framework to augment our understanding of which features of a person's environment make a difference to their level of performance, when interacting with the person's capacity. In addition, the granularity that the ICF provides for describing capacity and performance further facilitates our overall understanding of health, both intrinsically and as a lived experience.
The aim of this study is to determine which environmental factors are associated with performance when controlling for capacity, using the ICF to operationalize capacity and performance. Musculoskeletal (MSC) conditions are chosen as a case in point.
METHODS

Study design
This is a psychometric study based on the data of a sample of 296 persons with chronic widespread pain (CWP), low back pain (LBP), osteoarthritis (OA), osteoporosis (OP) and rheumatoid arthritis (RA), collected in a longitudinal survey with 3 time-points of assessment conducted within the European Commission founded project "Measuring Health and Disability in Europe: supporting policy development" (MHADIE) (15) . Subjects were recruited from study centres in Italy and Germany. More information about the MHADIE project, including the common medical protocol, is published elsewhere (15) . The study protocol and the informed consent forms were approved by the responsible ethics committees in each centre. The inclusion criteria for persons were: that the main diagnosis was 1 of the 5 selected health conditions; the person was at least 18 years old and had sufficient knowledge of the language of their respective country fully to understand all aspects of the study in order to sign the informed consent form. All subjects who agreed to participate signed the informed consent form. In this study, only the data for the first time-point of assessment was used.
Measures
The socio-demographic data record included gender, age, marital status, level of education and current work status. Data on functioning and disability were collected with the ICF Core Sets for each of the 5 health conditions (16) (17) (18) (19) (20) . ICF Core Sets are lists of ICF categories out of the 1,454 categories of the whole classification that are relevant for specific health conditions. For example, the ICF Core Set for LBP is made up of the 78 ICF categories that are relevant to describe functioning in persons with LBP. The ICF Core Sets have been developed in a structured scientific process, which culminated in a consensus conference. Since ICF Core Sets contain different ICF categories for each health condition, when pooling the data for all health conditions there were ICF categories with a large number of missing data. For this study, we selected those ICF categories that had less than 40% of missing data.
The ICF categories are coded with the letters b (Body Functions), s (Body Structures), d (Activities and Participation (A&P)) and e (Environmental Factors (EF)). The severity of a problem for each b, s and d category was quantified by a qualifier scale with the following gradation: 0 = no problem, 1 = mild problem, 2 = moderate problem, 3 = severe problem, 4 = complete problem. For each of the A&P ICF categories, information on capacity and performance was recorded separately. For the e component, the extent to which the category was a barrier or a facilitator was quantified on a scale from -4 to +4 (similar description to that given above, e.g. mild, moderate), with negative values indicating the extent to which the category was a barrier and positive values a facilitator.
In addition, 8 ("not specified") was used when a problem or the influence of an EF is present, but the available information was not sufficient to quantify the extent, and 9 ("not applicable") when a category was not applicable to a particular person (for example, d760 -Family relationships, for a person who has no family) (2) .
Data analysis
A descriptive analysis of the study population was carried out.
For this investigation only the ICF categories of the A&P and EF components were taken into account. ICF categories rated as 8 ("not specified") were very scarce (approximately 1% of the total) and were replaced by the person's median in other ICF categories. ICF categories with the qualifier 9 ("not applicable") were treated as missing values. ICF categories with a qualifier value of 0 ("no problem") in more than 95% of the persons were excluded from further analyses, as they showed too little variation. For EF ICF categories, due to the low frequency values for some response options of barrier or facilitator, we collapsed the response options to -1 = barrier, 0 = no barrier/ no facilitator, and +1 = facilitator.
Two interval measurement scales, one for capacity and one for performance were created with the Rasch model for ordered response options, using the RUMM 2030 software (21) . The Capacity Scale (CS) was developed with the A&P ICF categories rated as capacity and the Performance Scale (PS) with the same A&P ICF categories rated as performance. The likelihood ratio test was performed on the output of the initial analyses to identify which version of the polytomous Rasch model (Rating Scale or Partial-Credit) was appropriate (22, 23) .
Rasch analysis transforms ordinal scale observations into interval scale measures, the CS and the PS, based on an iterative process in which different steps are repeated until fit of the data to the model is achieved. The following steps were performed for both the CS and the PS. Some of them were repeated, if necessary, based on the criteria stated below. In the context of the Rasch model the word "item" refers to "ICF category".
Firstly, the Rasch model was fitted to study the structure of response options of the qualifiers. For each item, an increase in qualifier values implies consecutive threshold values, i.e. transitions points between adjacent response options (24) . When threshold values were disordered, the response options were collapsed taking into consideration frequency distributions and their probability curves. The Rasch model was recalibrated again to check whether the thresholds displayed the intended increasing order.
Secondly, the presence of local dependency, which negatively affects the model fit, was tested by carrying out principal component analysis (PCA) of the residuals obtained from the Rasch model (25) . Items with a residual correlation not within ± 0.3 were considered to display local dependence and combined into a testlet, which is a simple sum score of the locally dependent items (26) .
Thirdly, the unidimensionality of both scales was assessed by comparing, using t-tests, the persons' abilities estimated separately for the items with positive vs negative loadings on the first principal component of the residuals. Unidimensionality is assumed if less than 5% of the t-tests are significant (27) .
Fourthly, differential item functioning (DIF) was examined by checking the invariance of the item parameters across health condition groups (CWP, LBP, OA, OP, RA), gender groups (male and female), and age groups (≤ 59 and > 59 years). Items demonstrating DIF (significant analysis of variance (ANOVA) based on an overall significance level of 0.01 and Bonferroni correction) were split into specific questions for each of the groups showing DIF. The exact procedure of splitting has been explained in detail elsewhere (28) .
Fifthly, the data fit to Rasch model expectations was tested by checking a number of fit statistics provided by RUMM2030. The item and person fit to the model were checked with the 2-item-person interaction statistics transformed to a Z-score, where a mean of approximately zero and 1 standard deviation (SD) indicated perfect fit. The overall property of invariance of the items across the trait (in our case capacity and performance, respectively) was checked by the overall χ 2 of the items. In addition, the individual item fit was examined by checking the standardized residuals (z-values) and χ 2 test results. Items with z-values exceeding ± 2.5 or individual item χ 2 probability values significant at the overall significance level of 0.01 (and Bonferroni correction for the number of items) indicate misfit to the Rasch model. Therefore they were deleted and the model recalibrated until there was no concern of the fitting to the Rasch model (23, 24) .
Sixthly, the targeting of the scales to the sample was studied by comparing the distribution of the persons' location to that of the items.
Seventhly, the reliability was studied with the person separation index (PSI) from the Rasch analysis. Usually a reliability of 0.70 is required for analysis at the group level, and values of 0.85 and higher for individual use (24, 29) .
To be able to intuitively interpret the capacity and performance scores that are obtained from the Rasch scales, we transformed the resulting scores into more meaningful values, ranging from 0 (low capacity and performance) to 100 (high capacity and performance) (30) .
To identify the EF associated with the person's performance, group lasso regression modified by Gertheiss & Tuzt (31) was applied, using R 2.13.2 software (32). Gender, age, health condition and capacity score were forced to remain in the model, while relevant EF ICF categories were simultaneously selected. Group lasso is an extension of lasso regression, which provides higher accuracy of parameter estimation and prediction in analysing ICF-based data sets compared with other regression techniques (e.g. lasso, least angle regression). This is due to its properties to: (i) select (or not select) categorical independent variables (e.g. ICF categories) as a whole, by including (or excluding) all regression coefficients related to that variable, (ii) select the best variable from a group of highly correlated explanatory variables, thus avoiding problems with multicollinearity; and (iii) take the ordinal structure into account via a difference penalty on the adjacent dummy coefficients. The optimal penalty was determined by 5-fold cross-validation. Based on group lasso all independent variables selected can be considered relevant. However, in contrast to other regression methods, their regression coefficients are provided without information on their significance. To obtain confidence intervals for the regression coefficients, 1,000 bootstrap samples (i.e. random samples with replacement and of the same size as the original data-set) were drawn from the original data and each of them were analysed with group lasso. For each independent variable its mean regression coefficient (across the 1,000 bootstrap samples) was obtained together with its pointwise 90% confidence interval (31) . The larger the absolute value of the mean regression coefficient, the stronger is the relationship. A confidence interval not containing 0 indicates a significant effect. As group lasso cannot deal with missing values, in each bootstrap sample missing values were imputed by assuming a latent multivariate normal distribution for the EF (33) .
A 90% confidence interval was used because we wanted to detect potentially relevant associations. As bootstrapping and imputation of missing values introduce additional "noise" in the estimation, it is advisable to be less strict in identifying possible associations.
RESULTS
A summary of demographic information is shown in Table I . Almost 80% of the persons were female and the mean age was 59 years.
For CS and PS, 22 A&P ICF categories were used. After fitting the data to the Partial-Credit Rasch model, most of the items of both scales displayed disordered thresholds, making it necessary to collapse some of the 5 response options. The collapsing strategy for each item is shown in Table II . Two testlets for the CS (testlet1: d510 and d540; testlet2: d760 and d770) and 3 testlets for the PS (testlet1: d510 and d540; testlet2: d760 and d770; testlet3: d455 and d465) were created to address the local dependency that these items presented.
The items d445, d465 and d475 and testlet2 (d760 and d770) in the CS as well as item d620 and testlet3 (d455 and d465) in the PS, had significant χ 2 probability values and were removed from the analysis. One item (d475) in the PS had a very high positive fit residual value, which suggested misfit, and was removed.
Unidimensionality was confirmed in both the CS and PS, since no significant difference in persons' abilities between the subset of highly positively loading and the subset of highly negatively loading items from the first residual principal component was found (CS with 4.73% and PS with 2.70% of t-tests significant).
For PS, 1 item (d445) showed uniform DIF by health condition. All CS items and PS items were free of DIF by gender and age.
The results of the final calibration of 16 items for CS and 18 items for PS, along with their scoring structure, are shown in Table II . For CS, the overall fit statistic (item-trait interaction) was χ Targeting of the patients in relation to the items for each scale is shown in Fig. 1 . When comparing the distribution of item thresholds with the persons' ability, both CS and PC items do not discriminate well between persons with a very low level of difficulties.
On a scale from 0 to 100, the capacity mean was 65.88 (minimum = 6.83 and maximum = 100) and the performance mean was 75.21 (minimum = 18.59 and maximum = 100). The capacity scores and performance scores are not comparable because, even though they are identical in name, they are conceptually very different and address 2 separate dimensions. Collapsing strategy (CS) applied in case of disordered thresholds (0-1-2-3-4: 0: no difficulty, 1: mild difficulty, 2: moderate difficulty, 3: severe difficulty, 4: complete difficulty), 0-1-1-2-2: 0: no difficulty, 1: mild/moderate difficulty (collapsing across mild and moderate difficulty), 2: severe/complete difficulty (collapsing across severe and complete difficulty).
Loc: item difficulty expressed in logits; SE: standard error of measurement; FR: fit residual; ×: excluded because of misfit.
Tables III and IV contain the results from group lasso analyses, with Table III containing those for the EF, while Table IV contains those for the control variables. Both tables present the means of the regression coefficients over the 1,000 bootstrap samples and their 90% (percentile) confidence intervals. The regression coefficients of the significant EF are shown in Table III . Their values quantify the difference in performance between persons who rated EF as a barrier or as a facilitator and persons who rated EF as no barrier/no facilitator (reference category).
For example, since the regression coefficient of e355 Health professionals is negative for the persons who rated it as a facilitator, they will have a lower performance score than persons who rated it as no barrier/no facilitator. Table IV showed that there was a strong positive effect of capacity on performance. Health condition, gender and age did not show a significant effect on the 90% confidence level.
DISCUSSION
In this investigation, we propose an approach for identifying the environmental factors associated with performance when controlling for persons' capacity. Based on this approach we identified 13 EF ICF categories that were significantly associated with performance. They cover all aspects of the environment, including the physical, social, attitudinal and political environment. The results of our study also showed that the ICF is useful for understanding and measuring both capacity and performance. Rasch modelling of the ordinal data was used for assessing the levels of capacity and performance. Our study is a major step forward in developing capacity and performance measures compared with a previous study, in which the development of a CS and PS using similar data and classical test theory (CTT) was pursued (34) . Rasch modelling is an attractive approach for transforming ordinal data to interval-scaled data and, thus, for avoiding 2 problems with the use of summed scores in statistical analysis, such as regression analysis, namely, non-normality and "incoherence" between the test score scale and the latent trait scale (35) . Moreover, item parameter estimates based on the Rasch model are consistent and stable across different samples. Thus, the capacity and performance scores obtained in this investigation are suitable for studying the association between performance and EF (36, 37) .
We included the capacity score, age, gender and the health condition in the regression model, to control for internal influences in addition to the influences of the external environment. The results of group lasso regression showed that capacity is highly associated with performance, which is common sense, and this has also been confirmed in another study (38) . When both capacity and performance are measured, we highly recommend controlling for capacity when aiming to quantify the association of the person's performance with other factors. This has not always been the common practice in the past (39, 40) . We have also carried out the analyses without including capacity (results available from the authors on request) and the results show that, even though the EF selected remain the same, their importance is overestimated. In addition, the amount of variance explained by the model is approximately 20% less. This paper presents an approach on how to create separate measures for these 2 highly related variables, so that both of them can be included in the same model. All EF identified in this study were also considered highly relevant by clinicians when ranking the level of importance of EF in the consensus conferences that took place as part of the development of the respective ICF Core Sets (16) (17) (18) (19) (20) . Weigl et al. (7) confirmed the relevance of the same EF based on existing literature, but emphasized that additional evidence is needed, since they did not draw their conclusions based on statistical significance. This investigation represents a contribution of required evidence. However, since we only used cross-sectional data, we cannot say whether changes in EF produce changes in performance (causal relationship). To obtain this information, future studies with longitudinal data are needed. In our study, when an EF had a positive parameter it indicates that individuals who considered this EF as barrier (or facilitator) would have, on average, higher levels of performance than those who considered it as no barrier/no facilitator. It may be possible that severe patients with satisfactory environmental accommodation (facilitator) have worse performance than those without accommodation (no barrier/no facilitator) only because the latter have better health and do not require environmental accommodation.
Study limitations
This study has some limitations. Firstly, the overall sample sizes in each MCS condition were small. To obtain more precise item locations and person abilities within 0.5 logits, a larger sample size (at least 20 times the number of items) should be used in future replications of this study. Secondly, our cut-off point for missing data (< 40%) is high. Although RUMM 2030 accounts for missing data in capacity and performance items, and imputation is an efficient statistical solution for replacing the missing values in EF items, our results need to be validated with samples without missing data. Thirdly, some items had to be deleted. However, the inclusion of deleted items would not affect the unidimensionality of the final CS and PS. This was confirmed by the bifactor analyses carried out a posteriori with all items (also including those deleted from the analyses), with all items loading highly on the general factor. Finally, there are results that are difficult to interpret. For example, while e310 Immediate family when rated as facilitator is positively associated with performance, e410 Individual attitudes of immediate family members is negatively associated. Even though this result is theoretically plausible, actual support provided and attitudes usually go together. Further research is needed to investigate this result.
Conclusion
This study proposes a method to overcome the challenge of controlling for capacity when explaining performance. Thirteen EF highly related to performance were identified. Even though this investigation was primarily methodological, the results should be considered as a starting point for studying whether there is a causal relation between performance and the EF associated with performance. The more we know about the impact of a person's environment on their level of performance, the more we can accurately and effectively target our interventions to these factors, as well as to the underlying health condition.
